SUMMARY: PRES is a clinicoradiologic entity, combining seizures, blindness, and coma with MR imaging findings of predominantly vasogenic and occasional cytotoxic edema. In this clinical report, we determined the type of edema by using DWI and FLAIR sequences on MR imaging as well as ADC maps in 28 patients with PRES. The neuradiologic findings were correlated with levels of serum albumin, which is a main contributor to colloid osmotic pressure and vascular integrity. The presence of vasogenic edema was significantly associated with decreased serum albumin levels, which may be a particular risk factor for the development of PRES.
As seen in nephrotic syndrome, most diseases associated with PRES exhibit significantly reduced serum albumin levels. 10 Serum albumin accounts for 75% of plasma protein and, therefore, is a main contributor to COP, reducing perfusion pressure, which results in retention of fluid in the vessel.
11
Vasogenic edema can be aggravated by a marked decrease in COP. 12 Albumin protects vascular endothelial cells from oxidative stress and damage, 13 acting as an important antioxidant that preserves vascular integrity.
This clinical report describes 28 patients with PRES and focuses on the type of edema in correlation with serum albumin. We show that vasogenic edema in PRES occurs significantly more often in patients with reduced serum albumin.
Case Series

Patients and Methods
Twenty-eight patients (7 men, 21 women; mean age, 43 Ϯ 18.6 years) with typical clinical symptoms of PRES and characteristic MR imaging findings were included in this study. Primary clinical data were retrieved via chart review, and the exact date of primary symptom presentation was determined.
MR imaging was performed at a single institution on 1.5T and 3T MR imaging scanners between 1999 and 2009. Due to the extended period of study, protocols differed slightly with time, but FLAIR, DWI, and coronal T2-weighted sequences were available for all patients. While ADC maps were available in 17 patients, 11 had no ADC maps calculated. In those patients, the type of edema was determined by using DWI and FLAIR sequences. 4 All MR imaging scans were reviewed by a single investigator (D.P.) blinded to clinical data. Vasogenic edema was diagnosed in cases of signal-intensity hyperintensity on FLAIR combined with signal-intensity hypointensity on DWI sequences and high signal intensity on ADC maps. Cytotoxic edema was diagnosed by the combination of DWI hyperintensity with hypo-or isointensity on FLAIR, T2-weighted sequences, and ADC maps. 4, 14 According to the described MR imaging criteria, 22 patients had vasogenic and 6 patients had cytotoxic edema (Fig  1) . MR imaging was performed on the day of onset in 21/28 patients, on day 1 after symptom onset in 3/28, on day 2 in 1, on day 3 in 1, and on day 5 in 2 patients. The type of edema was not associated with the interval between the onset of symptoms and MR imaging (MWU, P ϭ .89).
Serum albumin was normally distributed (P ϭ 0.941, KS test). Decreased serum albumin concentration (Ͻ35 mg/mL) was noted in 21/28 patients (71%; mean, 31 Ϯ 7 mg/dL) in general. Serum albumin decrease was more common in patients with vasogenic edema (19/22, 86%) compared with edema with cytotoxic components (1/6, 17%), ( 2 , P ϭ .001). In cases of pure vasogenic edema, serum albumin concentration was significantly lower (29.3 Ϯ 4.2 mg/dL) than in cases with cytotoxic components (38.4 Ϯ 6.7 mg/dL; Student t test, P ϭ .004; 95% CI, 3.2-15.1) (Fig 2) . None of the other serum parameters tested were significantly associated with the type of edema (Table) . Regarding etiologic factors, the presence of malignancies only showed a weak association with cytotoxic edema ( 2 , P ϭ .05) (Table) . Clinically, only headaches were significantly associated with the presence of cytotoxic edema ( 2 , P ϭ .023). After logistic regression (parameters: albumin, presence of tumor, age, and sex), only the influence of reduced serum albumin concentration on the type of edema remained statistically significant (P ϭ .019; adjusted odds ratio, 0.87; 95% CI, 0.63-0.96). Albumin also remained the only parameter significantly associated with the type of edema after correction for multiple testing by using ANOVA (P ϭ .004). No association was found between albumin levels and other laboratory parameters or etiology.
Three patients had pure vasogenic edema despite normal serum albumin levels at onset. In 2 of these 3 patients, the MR imaging had been performed 3 and 5 days after onset, respectively, when the type of edema may possibly already have changed. The third patient had undergone pulmonary transplantation 1 year before onset of PRES. Chronic graft rejection had been diagnosed before the onset of PRES, and the patient died several months after primary PRES presentation as a result of the graft rejection. The vasogenic edema in this patient might have been related to excessive inflammatory activity with consequent vascular damage (see "Discussion").
Typical PRES with uni-or bilateral occipital involvement was present in all patients, and no patient had atypical PRES without occipital involvement. Nine patients had extended PRES with additional involvement of deep gray matter, infratentorial involvement, or both. Patients with extended PRES had lower serum albumin concentrations (28.8 Ϯ 7.0) than patients with typical PRES (32.3 Ϯ 7.3) without reaching statistical significance (Student t test, P ϭ .23; 95% CI, Ϫ2.37-9.62).
A follow-up MR imaging was performed in 22/28 patients, between day 1 and day 307. Complete edema remission was achieved in 10 patients (45%); partial remission, in the remainder.
Visual disturbances recovered in 10/13 patients. The level of consciousness recovered in 14/16 patients, while 2/21 patients were still in delirium at follow-up. Additionally, 10/14 patients were free of seizures at follow-up. Complete edema remission on MR imaging was associated with complete remission of seizures ( 2 , P ϭ .018). There was no statistical association between complete edema remission on MR imaging and etiology, type of edema, serum albumin level, or clinical presentation at onset.
Discussion
In a clinical report of 28 consecutive patients with PRES, we focused on the type of edema and serum albumin levels. We found that patients with vasogenic edema had significantly decreased serum albumin levels compared with edema with cytotoxic components, indicating that low serum albumin levels may be involved in the development of vasogenic edema in PRES.
Vasogenic edema in PRES has been attributed so far to the hypothesis that increased perfusion pressure overwhelms cerebral autoregulation with consecutive hyperperfusion and fluid extravasation. However, PRES has been increasingly observed in patients on immunosuppressive therapy or chemotherapy and in patients with infection, sepsis, and shock without elevation of systemic blood pressure, 15 suggesting additional pathophysiologic mechanisms. 2 As mentioned below, many conditions prone to PRES are characterized by decreased serum albumin levels and a proinflammatory systemic process, as has been recently reviewed by Bartynski 8 : Proinflammatory cytokines such as IL-1, IL-6, interferon-␥, and tumor necrosis factor-␣ are elevated during sepsis and pre- eclampsia. The proinflammatory cytokine milieu and, in some conditions, additional T-cell activation lead to endothelial cell activation and eventually to T-cell trafficking, 16 endothelial cell swelling, and production of vasoactive substances resulting in disturbed microcirculation with either increased vascular permeability or vasoconstriction. 8 Albumin plays an integral part in this systemic process. In addition to inflammation, clinical conditions particularly prone to PRES are often associated with high oxidative stress and decreased serum albumin levels. 17, 18 Serum albumin has a mean life span of 14 -18 days. 19 In healthy individuals, 30%-40% of serum albumin is maintained within the vascular compartment; it leaks from plasma at a rate of 5% per hour and is returned at an equivalent rate. 20 Albumin can be reduced as a consequence of an elevated metabolic albumin turnover, accelerated aging of the molecules through oxidative stress, or increased leakage due to immunemediated vasculopathy. 20, 21 In line with these characteristics, 71% of our patients had decreased serum albumin levels.
Serum albumin normally accounts for 75% of protein in blood plasma and, therefore, also for 75% of COP. COP affects osmotic pressure because the negative charges attract sodium, thus holding water and exerting an antagonistic effect on perfusion pressure. 12, 18 In conditions with endothelial damage due to inflammatory processes, reduction of COP may facilitate fluid extravasation and development of vasogenic edema.
Albumin is one of the most important plasma antioxidants, scavenging and detoxifying ROS. 22 Excessive production of ROS, as seen in conditions predisposing to PRES, can lead to damage of several molecules, including albumin, and endothelial dysfunction, and may contribute to disease progression. 21 Low albumin levels or damage to albumin molecules themselves in the context of abundant oxidative stress (eg, in proinflammatory conditions) may blunt the antioxidative properties of albumin and promote endothelial damage. Moreover, albumin may directly influence vascular integrity by binding to the extracellular matrix and subendothelium and by reducing the permeability of these layers to large molecules. 13, 18 In accordance, vasogenic edema in PRES was significantly more frequent in patients with decreased serum albumin levels, whereas cytotoxic components occurred more frequently in patients with normal serum albumin levels.
Laboratory and clinical parameters
KS
A possible correlation between low albumin levels and PRES is supported by Ishikura et al, 23 who reported 7 pediatric patients who developed PRES during nephrotic syndrome and low levels of serum albumin. In these patients, PRES rapidly abated after substitution of albumin, despite further treatment with cytotoxic substances. Similarly, ifosfamide-induced cerebral vasogenic edema, a condition resembling PRES, seems to occur exclusively in patients with low serum albumin levels. 24 In contrast, cytotoxic edema in PRES may contribute to cerebral vasospasm, with endothelial activation or injury leading to reduced cerebral blood flow with consequent hypoxia, as described in several PRES studies using MR imaging or conventional angiography. 9, 25 Due to the retrospective character of our case series, we acknowledge certain limitations of our results. MR imaging protocols differed between patients, and ADC maps were not available for 9 of our patients. In those patients, the type of edema was determined by using only DWI and FLAIR sequences. Clinical data were obtained from medical reports. Therefore, it is conceded that certain minimal symptoms at presentation may have been missed due to a lack of documentation. Caution is needed in interpreting blood pressure in the context of albumin in our patient sample, because blood pressure was documented at the onset of symptoms in only 15 patients. Unfortunately, our retrospective sample size (N ϭ 28) does not provide sufficient information to draw statistically sound conclusions on whether PRES present outside the posterior circulation is associated with decreased serum albumin levels and, second, whether the extent of vasogenic edema might be associated with reduction of serum albumin levels.
Patients developing a decrease in serum albumin levels seem to be at particular risk for the development of vasogenic edema and eventually PRES. Because PRES is not necessarily benign and reversible in all patients, more focused and accurate treatment strategies are needed. Infusion of human serum albumin at an early and reversible phase to increase oncotic pressure and restore antioxidative potential could theoretically prevent widespread oxidative and/or ischemic damage to vulnerable vascular structures in PRES and should be subjected to prospective studies.
